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Abstract 
The purpose of this paper is to support the process of production batch size definition in non-repetitive production like MTO or 
ETO based on reliability assessment. Although theory supposes the production batch size to be equal to customer order, situation 
observed in real production systems is different. Production often protects itself against manufacturing process unreliability 
resulting in non-conformed parts with overproduction. To manage the production wisely, the process risk should be evaluated.
High ratio of setup costs to unit production costs should be taken into consideration as well as potential risk of each operation. 
This paper describes a proposed way, coming from the idea of FMEA methodology, to assess the risk and calculate costs related 
to process unreliability. The result then supports the batch size definition. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of DAAAM International Vienna. 
Keywords: production; process; MTO; FMEA; costs; reliability; batch 
1. Introduction 
Managing production processes is never easy. The problem is even more complicated in non-repetitive 
production like MTO or ETO. [4] Make-to-Order production starts with placed customer order not by some 
forecasted demand. [5]  
In the field of production control we can see very often differences between theory and practice. One of the 
discrepancies was observed in defining the size of production batch. According to theory the production batch (in 
non-repetitive production) is equal to the number of pieces ordered by customer. [3,8] It is also the basic principal of 
pull system (or kanban principal). This is obvious, because in make to order production we are not able to sell 
potentially remaining products to any other customers. The parts are usually produced for a specific application. But 
in practice it is not unusual to see a few more parts to be released in production comparing to original customer 
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order. Of course this is not a lean approach, but before refusing such behaviour, the root cause was searched and 
analysed.  
 
2. Analysis of the root cause 
Causal analysis was performed to find the root cause. By observing the production processes and interviewing 
production supervisors responsible for setting the batch sizes, the unreliability of production processes was found 
out as the main reason. Better utilization of remaining material (analyzed production system uses metal sheets as 
blanks) was mentioned as a secondary reason. Supervisors suppose the order to be repeated in the future. 
Ed.: Production process reliability has two characteristics – quality and time. [10] In this study we are 
concentrated on the quality aspect – production of non-conformed parts.  
Supervisors are always concerned about producing non-conforming parts during any of the production steps. 
Therefore they protect themselves by increasing number of parts within a batch to have a compensation for it. We 
can call this overproduction, the worst type of the well-known 7 wastes [6,7]. Although we should aim to reduce it, 
it is sometimes not so easy, because in MTO or ETO production the products are unique and we are not able to 
specify the correct setup conditions. 
A non-conforming part in non-repetitive production does not represent just production costs of the single part. If 
there is a need to produce the part again (substitution for a non-conformed one), the production process must be 
repeated from the beginning to the step, where problem occurred. This means mainly repeating all the setups 
(usually the most expensive and time-consuming part of the non-repetitive production), stopping production of the 
order until the substitute part will go through the production system to the actual step and re-planning. Thus the 
production costs might increase significantly, and extended batch seems to be a possible solution. The task is to set 
the rule or methodology to be able to decide, whether it is better to produce only the number of parts requested by 
customer, or to increase the batch size to cover the potential risk. 
3. Assessing the risk 
For evaluating potential problems (and its effects) connected with a product or process there is a popular tool 
called FMEA (Failure Mode and Effect Analysis). FMEA is a specific methodology to evaluate a system, design, 
process, or service for possible ways in which failure (problems, errors, risks, concerns) can occur. [1] It is a 
methodology good for analyzing potential reliability problems as early in the development cycle as late when a 
process is already started. [9] 
We took FMEA as a way to assess the risk and calculate potential additional costs although the original target of 
the method is different. FMEA wants to find out the potential problems and take the actions to minimize the risk. In 
our case we just need to assess the potential problem – risk of producing non-conformed part and then calculate 
potential additional costs related to re-production of the substitute part. 




The result (RPN - Risk Priority Number) is obtained by multiplying the values of these three parameters. For our 
purposes we have made a modification. To simplify the problem, we assume that a non-conformed part will be 
detected directly when the current operation is finished – before moving to the next production step. Like that the 
parameter – detection, does not need to be set. So only the two basic parameters of risk: severity and probability of 
its occurrence (as stated in [12]) are taken into consideration. 
Modifications of the traditional FMEA method are nothing unusual. It is obvious that many investigators 
proposed a modified FMEA approach to overcome the shortcomings of the traditional FMEA by combining fuzzy 
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sets with different techniques. [11] In this case the modification does not come from the shortages of the method, 
but from a need for simplification. 
Anyway the severity and occurrence need to be defined. Let’s start with the occurrence. Observations and 
interviews show that there are different basic factors influencing the probability. A “risk structure” related to each 
separate production step was defined according to this finding. 
 
Fig. 1. Production operation risk structure. 
The production operation risk represents probability of producing non-conformed part. It considers the process 
and also the design of the specific product. The process risk (general) comes from the nature of the technology, 
complexity of machine setup, level of automation, maintenance, age of the machines, etc. But general risk must be 
then corrected by risk of the particular product, which can e.g. require a specific operation, problematic or new 
material not used before. Here is the proposed formula for calculating risk of one production operation (k): 
 (1) 
rk - total risk of the operation k 
rg1 - first part general risk 
rgn - other parts general risk 
m - number of parts to be produced (according to customer order) 
rs - specific risk related to the particular product 
Values of the parameters should be defined by the process engineers. General risk parameters for each 
technology / workstation are defined at the beginning according to historical data. So each time it is necessary to 
determine just the specific risk coming from product design. 
The last parameter - severity - in this case means that a substitute part needs to be produced from the first 
operation to the actual step. It represents additional material costs, repeating setups on all previous workstations and 
unit production costs. We focused mainly on calculating the setup + production costs. Of course, the amount of costs 
depends on the step of production process, where the problem occurs. For cost calculation we should consider two 
possible situations:  
x non-conformed part is produced during the first production process step (k=1): 
 (2) 
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x  non-conformed part is produced during any other production step (k≠1): 
 
(3) 
c1 - manufacturing costs for repeating first production process step 
cu1 - unit costs for the first production process step 
r1 - first operation risk 
ck - manufacturing costs for repeating production process from the first to the actual step k  
Cpfi - cost for preparation and finishing the batch production – setup costs 
d - variable for correction of risk  
cui - unit costs for production process step i 
rk - total risk of the operation k 
Ed.: material costs are not included in this calculation 
Variable d is used for limiting the risk rk in the formula. If there is a need to repeat the process (produce a 
substitute part), we consider the setup costs to appear maximum once even if rk value is higher than one, therefore: 
 
 
Total production costs coming from the risk - CT (without material costs) are a sum of particular manufacturing 
costs per each operation: 
 
(4) 
4. Cost comparison 
With this methodology we can decide whether it is better to produce just the ordered number of parts, or 
intentionally increase the production batch size to cover the possibility of manufacturing a non-conformed part. The 
main influencing factors to be considered are material costs and costs coming from the production process risk, 
where we discuss the probability of non-conformed part manufacturing at each production step and setup costs. 
Alternative 1: To produce just the number of parts required by customer. The costs will consist of: 
x Production costs of producing customer required number of parts 
x Additional costs coming from the process risk (CT) – potential re-production of substitute parts (without material 
costs) 
x Unit material costs multiplied by the sum of each production process step risk – material costs for potential re-
production of substitute parts 
Alternative 2: To produce increased batch to cover potential risk. The costs will consist of: 
x Production costs for increased number of parts (material costs included) 
Results of these two variants should be then compared to support the final decision. 
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5. Conclusion 
Observing the real production systems dealing with MTO or ETO production the discrepancy between theory and 
practice was revealed. Although number of pieces released in production should be theoretically equal to customer 
order, the real production batches were in some cases increased above the requirement. The purpose of this study 
was to analyze the situation, find out the root cause of the discrepancy and propose a methodology to set the 
economical batch size for non-repetitive production. 
Production process unreliability was revealed as a main reason for increasing the batch size. Production 
supervisors want to protect themselves against cases, when non-conformed parts are produced during the process 
causing the need of re-production of the missing parts (additional costs). Therefore some substitute parts are 
produced from the beginning of the process. Although this is not a lean approach, in some cases this could reduce 
the manufacturing costs. 
However, subjective feelings should be replaced by a reliable risk and cost analysis. For process risk assessment 
the modified FMEA methodology was used. Instead of the original idea of the method - assessing the risk and 
looking for actions to minimize it, the proposed methodology just assesses the risk, and then calculates potential 
costs coming from the process unreliability. If setup costs and identified process unreliability are high, while the unit 
costs are low, it is very likely that increased number of produced parts compared to customer order could decrease 
the total costs at the end. Of course in cases of low setup costs and high process reliability there is no sense to 
produce more than customer requires. 
The basic output of the study is the methodology to define the economical batch size in job production based on 
process reliability assessment and cost calculation. Production process reliability, setup and unit costs were 
identified as the main factors influencing the batch definition. Of course material costs and its utilization should be 
taken into consideration also. For supporting the assessment of the occurrence parameter a risk structure for the 
single production operation was proposed. Further activities should be concentrated on evaluating the methodology 
in practice and searching for simple and quick way to assess the risk coming from the product design or 
manufacturing process applicable in small companies. 
6. Acknowledgements 
This paper was created with the subsidy of the project: SGS-2012-063 under the Internal Grant Agency of the 
University of West Bohemia: “Integrated design of manufacturing system as metaproduct with a multidisciplinary 
approach and with using elements of virtual reality”. 
References 
[1] D.H. Stamatis, Failure Mode Effect Analysis: FMEA from Theory to Execution, second ed., American Society for Quality, Quality Press, 
Milwaukee 53203, 2003. 
[2] C.S. Carlson, Effective FMEAs: Achieving Safe, Reliable, and Economical Products and Processes Using Failure Mode and Effects Analysis, 
John Wiley & Sons, Inc., Hoboken, New Jersey, 2012. 
[3] G. Tomek, V. Vávrová, Řízení výroby, Grada Publishing, Praha, 2000. 
[4] J.B. Dilworth, Production and Operations Management, third edition, Random House, Inc., New York, 1986. 
[5] R. Kolisch, Make-to-Order Assembly Management, Springer-Verlag, Berlin, 2001. 
[6] D. Dolcemascolo, Improving the Extended Value Stream: Lean for the Entire Supply Chain, Productivity Press, New York, 2006. 
[7] R.M. Meisel, S.J. Babb, S.F. Marsh, J.P. Schlichting, The Executive Guide to Understanding and Implementing Lean Six Sigma: The 
Financial Impact, American Society for Quality, Quality Press, Milwaukee 53203, 2007. 
[8] V. Líbal, Organizace a řízení výroby, SNTL, Praha, 1989. 
[9] M. Kostina, T. Karaulova, J. Sahno, M. Maleki, Reliability estimation for manufacturing processes, Journal of Achivements in Materials and 
Manufactring Engineering, Volume 51, issue 1, March 2012. 
[10] M. Pribytkova, I. Polyantchikov, T. Karaulova, Influence of variability on a reliable production process, Annals of DAAAM for 2010 & 
Proceedings of  the 21st International DAAAM Symposium , Volume 21, No. 1, Vienna 2010. 
[11] T.A. Selvan, C. Jegadheesan, P. Ashoka Varthanan, K.M. Senthilkumar, Failure effects and resolution of modes: A novel FMEA treatise for 
finalizing mould designs in foundries, South African Journal of Industrial Engineering, Volume 24, No 2, August 2013. 
[12] M. Khalaj, A. Makui, R. Tavakkoli-Moghaddam, Quantitative and qualitative methods in risk-based reliability assessing under epistemic 
uncertainty, South African Journal of Industrial Engineering, Volume 23, No 2, July 2012. 
